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Effects of Motor Skill Intervention
on Developmental Coordination Disorder:
A Meta-Analysis

Mia Pless and Marianne Carlsson
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The purpose was to determine whether evidence exists in published research
from 1970 to 1996 to support motor skill intervention for children with devel-
opmental coordination disorder (DCD) or equivalent conditions. The follow-
ing questions were addressed: (a) Which (if any) of three theoretical approaches
to motor skill interventions is supported by evidence? (b) How do age of par-
ticipants, research design, intervention setting, and intervention duration af-
fect motor outcomes? (¢) What are the results of meta-analysis? Twenty-one
relevant studies were identified, and 13 (all that reported means and standard
deviations) were subjected to meta-analysis. Findings indicated that motor
skill intervention is most effective when applied with (a) children with DCD
over age 5, (b) the specific skill theoretical approach, (c) intervention con-
ducted in a group setting or as a home program, and (d) intervention frequency
of at least 3 to 5 times per week. No clear findings emerged in regard to other
variables.

Some children lack the motor competence necessary o cope with the de-
mands of everyday living. According to the Diagnostic and Statistical Manual of
Mental Disorders, DSM-VI (American Psychiatric Association, APA, 1994), these
children are diagnosed as having a developmental coordination disorder (DCD).
In 1994, an international meeting on children and clumsiness held in London,
Ontario, Canada, resulted in a consensus statement regarding the nomenclature,
description, definition, assessment, and management of children with mild motor
problems (Polatajko, Fox, & Missiuna, 1995a). Shortly before this meeting, the
Adapted Physical Activity Quarterly published a special issue entitled “Develop-
mental Coordination Disorder.” Ten papers appeared in the issue edited by S.E.
Henderson (1994), representing a diversity of approaches, since no single per-
spective reveals the entire picture of DCD.

DCD is a motor performance impairment that is not explicable by the child’s
age, intellect, or other diagnosable neurological or psychiatric disorders. A high
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incidence of associated problems in a wide range of functions typically occurs
with DCD (Polatajko et al., 1995a). If mental retardation is present, the motor
difficulties are in excess of those usually associated with it (APA, 1994). Some of
the children with these motor problems may previously have been diagnosed as
having minimal brain dysfunction (Clemmens, 1961); or dysfunction of attention,
motor control, and perception (Gillberg, 1991); or motor impairment (MI;
Henderson & Hall, 1982); or as being clumsy (C; Hulme & Lord, 1986); or as
having sensory integration dysfunction (SID; Ayers, 1972; Fisher, Murray, & Bundy,
1991). For purposes of meta-analysis, participants in the studies were categorized
as DCD, C/MI, or SID, depending on either the terminology used or the diagnostic
criteria described. To simplify writing, the term DCD is used in this manuscript to
encompass equivalent conditions described by many names.

In some of these children, the problems are still present in adolescence
(Cantell, Smyth, & Ahonen, 1994; Gillberg & Gillberg, 1989; Gillberg, Gillberg,
& Groth, 1989; Hellgren, Gillberg, Gillberg, & Enerskog, 1993; Losse et al.,1991).
Cantell et al. (1994) reported a follow-up of children who were diagnosed at age 5
as having delayed motor development. Ten years later, 46% of the members of the
early motor delay group still differed from the control group in motor and percep-
tual performance.

Schoemaker and Kalverboer (1994b) reported results suggesting that chil-
dren who are clumsy are more introvert than those without movement problems,
judge themselves to be less competent both physically and socially. Intervention
for these children should be holistic, multifaceted, and individualized to meet unique
needs. Intervention can incorporate (a) appropriate therapeutic techniques; (b) the
teaching of coping strategies; (c) consultation with teachers, caregivers, parents,
and others; (d) and modification of the school environment (Polatajko et al., 1995a).

Theoretical Approaches on Motor Skill Interventions

Motor skill intervention is believed to remediate children’s motor problems
(Miyahara, 1996; Sherrill, 1998; Sigmundsson, Pedersen, Whiting, & Ingvaldsen,
1998; Sugden, & Chambers, 1998; Willoughby & Polatajko, 1995). Clinical pro-
grams designed specifically to treat children with DCD are few (Schoemaker,
Hijlkema, & Kalverboer, 1994a). In the present study, interventions are grouped
according to three theoretical approaches.

General Abilities (GA) Approach

Methods based on this approach are generally called neurodevelopmental treat-
ment (Bobath & Bobath, 1984) or perceptual-motor training (Cratty, 1981; Hallahan
& Cruickshank, 1973; Kephart, 1971; Sherrill, 1998). The GA approach implies
that age-appropriate reflexes, postural reactions, and perceptual-motor abilities all
underlie functional motor skills and conceptual development. Intervention con-
sists mainly of facilitation of balance and other physical abilities and training in
specific perceptual and motor tasks. Researchers have reviewed studies using
neurodevelopmental treatment (Ottenbacher et al., 1986; Royeen & DeGangi, 1992)
and perceptual-motor training (Kavale & Mattson, 1983). Findings indicate many
and confounding variables.
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Sensory Integration (Sl) Approach

This approach is associated mainly with the sensory integrative therapy method
(Ayers, 1972; Fisher etal., 1991; Ottenbacher, 1991) and kinesthetic training (Laszlo
& Bairstow, 1983). In this approach, it is assumed that development of cognition,
language, academic, and motor skills depend on sensory integrative ability. Chil-
dren with sensory-motor problems are believed to be inadequately oriented to their
physical environment and need help in making adaptive responses to improve the
brain process and to organize sensory input. Provision of proprioceptive, tactile,
and vestibular stimulation requires activities that consist of full body movements
and training in specific perceptual and motor skills. The possible gains from this
kind of intervention have been investigated in children with a wide range of prob-
lems, but no clear improvement has been found (Hoehn & Baumeister, 1994;
Ottenbacher, 1991; Polatajko, Kaplan, & Wilson, 1992; Sims, Henderson, Hulme,
& Morton, 1996a).

Specific Skills (SS) Approach

Methods based on this approach include task-specific instruction (Larkin, Hoare,
& Smith, 1989; Revie & Larkin, 1993), the knowledge-based approach (Wall,
McClements, Bouffard, Findlay, & Taylor, 1985), the effort-centered approach
(Laban & Lawrence, 1947), and the cognitive-affective approach (Sims et al.,
1996b). The SS approach is based on the assumption that specific motor control
and motor learning processes underlie skilled movement. These processes all in-
volve the interaction of genetic and experiential factors (Wall et al., 1985). Most
physical education texts recommend the SS approach. The key to successful motor
training programs is combinations of correctly performed practice of functional
skills, appropriate repetition, and sufficient guidance and time to facilitate skill
retention and generalization. The individual must be an active, not passive, partici-
pant in the training process (Croce & DePaepe, 1989; Gentile, 1989).

Purpose

The purpose of this study was to determine whether evidence exists to support
motor skill intervention for children with DCD. The following questions were
addressed: (a) Which (if any) of the three theoretical approaches to motor skill
interventions is supported by evidence? (b) How do age of participants, research
design, intervention setting, and intervention duration affect motor outcomes?
(c) What are the results of meta-analysis?

Method

Selection of Primary Sources

The literature pertaining to motor skill interventions was surveyed from 1970 to
1996. The computer search was carried out in five databases: Educational Re-
sources Information Center (ERIC), Cinahl, Medline, PsychInfo, and SPORT Dis-
cus (SIRC/CDS). Studies selected for review satisfied the first three criteria, as
follows. Studies included in the meta-analysis also had to satisfy the fourth criterion.
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1. The population of interest was children identified as having DCD or motor
problems consistent with DCD. Before 1994, the population of interest was
generally identified as clumsy, motor impaired, or physically awkward, or
as children having sensory integrative dysfunction (see Table 1). Standard-
ized tests were used to identify research participants and sometimes also a
two-step selection procedure (Schoemaker et al., 1994a). Children met the
criteria of (a) average intelligence/ no academic delay, (b) normal neurol-
ogy, and (c) normal vision and hearing. Normal neurology could either be
clearly stated (i.e., Polatajko, Law, Miller, Schaffer, & McNab, 1991) or
specified by noting that medical records indicated no known neurological or
other medical condition that prevented participation (Sims et al., 1996b).

2. All studies using an experimental research design with at least one control
group or single subject design were selected.

3. The effects of a motor skill intervention were reported in a published re-
search study.

4, Means and standard deviations were reported for experimental and control
groups. These were needed for the meta-analysis.

Table 1 was developed to present information concerning the experimental
studies selected for analysis: researchers, terminology, participants’ criteria, re-
search design, statistically significant difference in outcome, and whether mean
and standard deviation were reported. The studies are presented in order of year of
publication, with a distinction made between the studies published before and af-
ter the International Consensus Meeting on Children and Clumsiness held in 1994
in London, Ontario, Canada (Polatajko et al., 1995a). Twenty-one studies fulfilled
the first three criteria (see Table 1). Before 1994, only two thirds of the criteria for
a DCD diagnosis listed by the American Psychiatric Association (1994) were used
in more than half of the studies. In studies published after 1995, all three criteria
were met. In all studies except two (Bishop & Horvat, 1984; Marchiori, Wall, &
Bedingfield, 1987), a statistical analysis was reported. In accordance with previ-
ous review studies (Parrette & Hourcade, 1984; Royeen & DeGangi, 1992) and
meta-analysis (Chanias, Reid, & Hoover, 1998; Miyahara, 1996), the motor skill
intervention studies were examined in terms of their theoretical approach, age,
number and gender of participants, research design, intervention setting and dura-
tion, dependent measures, and significant difference in outcome. Means and stan-
dard deviations for groups were reported for only 13 of the 21 studies.

Selection of Method

A meta-analysis was selected to analyze related research. A coding scheme for
variables in each study was formulated, as follows.

1. Theoretical approach of motor skill intervention was coded as GA (general
ability) approach, SI (sensory integration) approach, SS (specific skill) ap-
proach, or a combination of the theoretical approaches.

&%)

. Age in years was coded as 3 to 5 years or 6 to 13 years. Gender was coded as
m = male or f = female.

3. Research design was coded according to how assignment of participants to
groups had been performed: R = participants were randomly assigned to



385

Effects of Motor Skill Intervention

(panuuod)

mgmémmmmmg

ass

LB [ |

— = X — €661 ‘UDIET % 31A3Y
X = — €661 T1 ¥ 12 sauydumngy
— X — T66T T2 12 UOS[IA
X — — 7661 '1°[¢ 12 sauydmny
X X — 1661 "2 12 oxfeiejod
X = _ 0661 "8 12 sauydwny

— 8861 ¢ 10 0]ZsET]

—  LB61 "Yoolng % 1aneM

— L861 "B 1@ LOIY2RI

— 0861 ‘K[ ¥ uRyRWAY
861 1eAI0H % doystg
— 7861 ‘TeAIOH
— 9161 ‘I0zIEld
— 1161 VAV

| = = |
|
e
\
OO S R R SV I
]

(F1 =N) £661 210J2q sA1pIg

seow dagg 10 HIp ugsap

pauodal usig [oreasay
as) w

Aefap
JnuapedE
ON

Suueay  ASojoinau Ol ais N ajnda Jayaseasay
pUE TOISIA  [EULION  28RI2AY JAswniD
[BULION]

uoneuLIoyul Apms

UL wedionmeg ASojourumiag,

sISA[RUY 10J PaIRs SAPN)S [BrudmLradxy ul J[qe[leAy uonBwLIoju] [ I[qEBL



Pless and Carlsson

386

“aInseau 10joul juapuadap = seawr da(g paviodal atwocno Ui 2ouIRFIP JuRaLIUSIS sak = 2 ryp ustg ‘uFisap 10alqns ajduis = g ‘paudisse Ajwopues
100 1nq payanew suedionied = YN ‘paudisse Apuopuer uog pue paysiew sjuedpnied = Yy tpausisse Afuopues siuedionaed = y uSisa yoreasay
‘uonounysAp 2anesSnur Liosuss = (IS ‘usuuredw I010W = [ ‘I3PIOSIP WONBUIPIOOD jpwewdojeasp = gD :ASojoutwiag, 'sajoN

X A U — — X X — X X 99661 11 '[e 12 sulg
X = 14 — = X X — X X BO66T I 'IE 12 sl
X A o — X X X — — X q5661 18 12 oyleiejog
— A b | — X == == X = = €661 100 7% snef
X A AN X — X = = X X T B URERE LNEWIBIN
= A ass — X X X - X = 661 "MET 2 URYNOOT]
X = AN = | — — - X — 661 "UIARD % satae(
(6 = N) 1298 pUe p661 satpmg
seaw daqg 10 “pgIp udisap Aejap Suteay  ASojomau O1 as A anda IotoIeasay
pauodar usig UYoIeasay  OIWSPEOR  PUB UOISIA  [BULION  2FRIOAY JAswnyD)
(as)w ON TEWION
uoneuuojur Apms euauo Juedionmeg ASojouma g,

(panuyuoo) 1 sjqey,



Effects of Motor Skill Intervention 387

experimental or control group; MR = participants were matched on key
variables and then randomly assigned; MNR = participants were matched
on key variables, but not randomly assigned; or SSD = single subject design.
Research design for the meta-analysis was also coded as (a) between-sub-
ject designs with pretest and posttest, (b) between subject designs without
pretest and posttest, and (c) within subject designs.

4. Intervention setting was coded as SmGr = small group (performed by a
teacher); HoPr = home program (performed by parents); or 1:1 (one-to-one
setting performed by a physical therapist or an occupational therapist).

5. Intervention duration included length coded as less than 3 months or 3 months
or more, and frequency coded as less than 3/week or 3-5/week.

6. Significant difference in outcome after motor skill intervention was coded
as Y (yes) or N (no), according to whether the first or only experiment in the
study had this result.

Table 2 was developed to provide a summary of researcher, theoretical ap-
proach, age, number and gender, research design, intervention, dependent mea-
sure, and significant difference. Table 2 also presents the effect size of dependent
measures (ES of DM) and the mean ES of each experiment (MES of Exp). Effect
size (ES) values were calculated as follows.

Conducting the Meta-Analysis

Means and standard deviations were reported for only 13 studies (see Table 2);
therefore, the meta-analysis could be calculated only on the experiments in these
studies. The difference between means of the two groups was divided by the group’s
standard deviation pooled. The pooled standard deviation was used, since the num-
ber of children in the groups compared in each study was not the same, and the
group variances for the dependent variables did not vary much (Rosenthal, 1994).
The pooled standard deviation (SDp) was calculated using the following formula:
SDp = (Nexp — 1){SDexp)’ + (Ncon — 1)(SDcon)* / (Nexp + Ncon — 2). The meth-
odology for estimating ES used by Chanias et al. (1998) was used in the present
study as well.

In between-subject designs, with pretest and posttest, the ES was calculated
by the mean difference between the experimental group’s pretest and posttest change
and the control group’s pretest and posttest change (Becker, 1988). The mean dif-
ference of the control group was subtracted from the mean difference of the ex-
perimental group and then divided by the pooled standard deviation.

In between-subject designs, without pretest and posttest, ES was calculated
using the methodology by Hedges and Olkin (1985). The mean score of the experi-
mental group (Mexp) was subtracted from the mean score of the control group (Mcon),
and divided with the pooled standard deviation (ES = Mexp — Mcon / SDp).

Within-subject designs were included when a group of children had been
studied, not a single subject. ES in within-subject designs was calculated using the
formula described by Becker (1988): (ES = M post — M pre / SD pre).

Sometimes a higher score and sometimes a lower score on a test indicated
improvement. To have a positive ES indicating a positive intervention effect, and
a negative ES indicating a negative intervention effect, the experimental group’s
mean could in the formula in some cases be subtracted from the control group’s
mean (Thomas & French, 1996).
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ES is positively biased in small samples (Hedges, 1981). A virtually unbi-
ased estimate of ES was obtained by multiplying the ES by the correction factor
given in the following formula (Thomas & Nelson, 1996, p. 299): ¢ = 1 — (3 /4m
- 9), where m = Nexp + Ncon —2 when a pooled standard deviation is used. Each
ES was corrected before averaging or further analysis.

The 13 studies containing the data necessary to calculate ES were catego-
rized by research design (see Table 2), as follows: (a) 11 between-subject designs
with pretest and posttest (B-S with), (b) one between-subject design without pre-
test and postiest (B-S without), and (c) one within-subject design (within). ES
values were calculated only for the most powerful experiments in each study, namely
when a trained group was compared with an untrained group. If no such control
group existed, the ES was calculated for a trained experimental group compared
with a control group receiving another type of intervention. One to two experi-
ments could then exist in each study.

In Table 2 the calculation of ES of dependent measure (ES of DM) is pre-
sented. To help readers understand this calculation, we explain one study (Allen,
1971) with a between-subject design, (ES = Mexp —-Mcon/ SDpooled), ES = 12.47
- 5.17/ 3.25 = 2.25. ES was then multiplied by correction factor 0.926, which
resulted in ES = 2.08. In the study by Allen (1971) the ES of DM was the same as
the MES of Exp. because the researcher used only one dependent motor measure
{DM). This was also the fact in the studies by Platzer (1976), Horvat (1982), Watter
and Bullock (1987), Polatajko et al. (1991), and Schoemaker et al. (1994a).

The MES of Exp. was reported for the rest of the studies in Table 2. The
MES was calculated as the mean of all ES values of dependent measures (DM) in
an experiment. The meta-analysis was based on a total of 45 ES values, one for
each dependent measure (ES of DM). The ES of DM in each experiment resulted
in a total of 18 MES values (see Table 2).

All MES of Exp. were finally used to calculate the mean main ES among
various coding characteristics (see Table 3). The calculation is here exemplified
by the coding characteristic Theoretical approach/ General ability. For this charac-
teristic, studies yielded a total of 9 MES of Exp: 2.51 + 0.37 + 0.21 + 2.19 + 0.54
+ 0.30 + 0.83 + 0.19 - 0.02 /9. The coding characteristic Theoretical approach/
General ability resulted in a mean main ES of 0.71.

Results and Discussion

Table 2 presents information on all 21 studies selected, whereas Table 3 presents
the findings of the 13 studies in the meta-analysis. Some of the 13 studies included
effects of motor skill intervention using more than one intervention and under
more than one condition. Hence the number of ES values (N = 18) calculated
exceeded the number of studies. Thus, 18 mean ES values, one for each experi-
ment (Table 2, MES of Exp.) were calculated for most of the coding characteris-
tics. However, 45 mean ES, one for each dependent measure, were calculated for
the coding characteristics dependent measure/ theoretical approach. In Table 3 the
mean main ES across coding characteristics for each variable are presented to
permit us to make comparisons. Following are answers to research questions that
guided the present study.
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Table 3 Mean Main Effect Size for Each Coding Characteristic Calculated on
(MES) in Each Experiment (N = 18)

Mean

Coding characteristics N main ES
Theoretical approach MES of Exp.

GA = General ability 9 0.71

SI = Sensory integrative 4 0.21

S8 = Specific skill 3 1.46

GA + 88 1 0.20

GA + 81 1 0.07
Age, years

3105 years 2 0.14

6 to 13 years 16 0.77
Research design

R = randomly assigned 13 0.56

MR = matched and randomly assigned 2 L.15

MNR = matched, but not randomly assigned 3 0.99

SSD = Single subject design - No data for

ES calculation

Intervention setting

SmGr = Small group 5 0.96

HoPr = Home program 2 1.41

1:1 = one-to-one setting 11 0.45
Intervention length

Less than 3 months 8 0.72

3 months or more 10 0.69
Intervention frequency

Less than 3/week 11 0.60

3-5/week 7 0.86

Theoretical Approach

Which (if any) of the three theoretical approaches to motor skill interventions is
supported by evidence? Experiments evaluating motor skill intervention with the
specific skill (SS) theoretical approach yielded the highest mean main ES (1.46).
The GA approach yielded 0.71, whereas experiments using combined approaches
and the sensory integration (SI) approach yielded the lowest (0.07, 0.20, and 0.21).
This implies that the activities used when working with children with clumsiness
should be more task-specific, as transference of leaming to similar performance
areas is often difficult for this population (Sellers, 1995). Therapists need to dispel
the notion of directly improving academic, language, cognitive (Humphries, Wright,
Snider, & McDougall, 1992), and motor (Hoehn & Baumeister, 1994) performance
by training based on the SI approach. These findings are consistent with the find-
ings in the meta-analysis that Miyahara (1996) performed on three studies.
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However, these observations should be accepted with reservation because many
factors besides theoretical approach affect findings.

Age

How does age affect outcomes? Experiments evaluated in the meta-analysis con-
cemned participants ages 3 to 13 (see Table 2). In most studies, the participants
were in primary or elementary grades. A difference is noted in Table 3 when com-
paring the mean main ES in the coding characteristic age/ years. Experiments in-
volving children 6 to 13 years old yielded a mean main ES of 0.77 compared to a
mean main ES of 0.14 in experiments conducted on children 3 to 5 years old.
There were two experiments conducted on the latter group; in these, the GA and S1
approaches were used.

Research Designs

How does research design affect outcomes? The single subject design (SSD) does
not permit effect size calculation, and studies with this design were not included in
the meta-analysis. In the experiments included, participants were randomly as-
signed (R), or matched on key variables and then randomly assigned (= MR), or
matched but not randomly assigned (MNR). In some research methods textbooks,
the MNR design is not considered a good design (Brink & Wood, 1989). The
results in Table 3 show that in research designs where children were randomly
assigned (R) to groups, the mean main ES was (0.56). When the children were
matched and randomly assigned (MNR), the mean main ES was (1.15). All types
of assignment of participants seem to support intervention, but the result stresses
the need for a more rigorous assignment.

Intervention Setting

How does intervention setting affect outcomes? Administration of intervention in
a one-to-one-setting (1:1) was most frequently used. This setting yielded lowest
mean main ES (0.45) compared to administration in a small group (SmGr; 0.96),
or in a home program (HoPr; 1.41). Support for intervention setting in an experi-
ment does not merely depend on the administration. The SS approach was not
used in any of the 11 experiments evaluating a one-to-one setting. Children with
DCD seem to have heterogeneous problems (Hoare, 1994; Kaplan, Wilson, Dewey,
& Crawford, 1998); therefore, it is possible that different children may need and
benefit from different interventions. Children who received intervention in a one-
to-one setting may have had more severe motor difficulties. To facilitate compari-
son, the diagnostic criteria for children with DCD should be described in detail
(Barnett, Kooistra, & Henderson, 1998; Henderson & Barnett, 1998; Henderson
& Hall, 1982; Hoare, 1994; Sellers, 1995). Also, in nine out of the 11 studies using
a one-to-one setting, a random assignment of participants was used.

Intervention Duration

How does intervention duration affect outcomes? Concerning length of interven-
tion, mean main ES was similar (0.72 and 0.69) irrespective of whether the inter-
vention lasted less than 3 months or 3 months or more. Frequency of intervention
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coded as 3 to 5 times per week yielded higher mean main ES (0.86) than the less
frequent intervention did (0.60). An intervention based on the SS theoretical ap-
proach was not used in any study with a frequency of 3 to 5 times per week.
Length and frequency of interventions was not related to the theoretical approach
of the intervention.

Conclusion

It is concluded, based on the meta-analysis, that there is evidence to support motor
skill intervention for children with DCD who are older than 5 years of age. Of the
three theoretical approaches, the SS theoretical approach is recommended. An in-
tervention conducted in a group setting or in a home program, with intervention
frequency of at least 3 to 5 times per week, is recommended. Findings with regard
to intervention duration are not clear. This study has also shown the need for future
research on well-defined subgroups of children with DCD.
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